Oxidative stress is thought to play a key role in macrophage foam cell formation which is the hallmark of the early atherosclerotic lesion. 1, 2) Oxidative stress is associated with lipid peroxidation in lipoproteins and in arterial cells, including macrophages.
Naturally occurring antioxidants in plants are classified as vitamins, phenolic compounds, tannins, volatile compounds and so on. Among them, herbs have received much attention as preventive medicines and ingredients in a variety of processed foods because they have beneficial health effects such as antioxidant and antibacterial activity. 11) In recent years, polysaccharides from plant origin have also emerged as a relevant class of bioactive natural products and the great advances have been made in chemical and biological studies of natural polysaccharides as new safe plant-based health foods. [12] [13] [14] [15] Angelica sinensis (OLIV.) DIELS is a herbaceous perennial plant mainly distributed in the northwest of China. The root is variously called Dang Gui or Dong Quai. It has been traditionally applied to the treatment of gynecological disorders (e.g., menstrual disorders, amenorrhea, dysmenorrhea, anemia, premenstrual syndrome, menopause) for thousands of years in Asia. 16, 17) It was first introduced into the West in 1899 by Merck in the form of a liquid extract named "Eumenol" and was presently marketed in the United States as a dietary supplement, with numerous products being marketed worldwide. 18, 19) In recent years, it was also reported that the polysaccharide extracts from A. sinensis possessed significant immunomodulatory activity. 20) However, it is not known whether A. sinensis polysaccharides have any direct antioxidant effects and more detailed work is needed on the elucidation of the sugar composition and antioxidant activities of active polysaccharides.
In the present study, we isolated and purified three A. sinensis polysaccharide fractions (APFs), designed as APF1, APF2 and APF3 from the roots of A. sinensis and the antioxidant activities of APFs against hydrogen peroxide (H 2 O 2 )-mediated oxidative stress were evaluated in isolated mouse peritoneal macrophages. Furthermore, the sugar composition in APFs was also characterized by high-performance capillary electrophoresis (HPCE).
MATERIALS AND METHODS

Chemicals and Reference Compounds
The roots of A. sinensis were purchased from Minxian County, Gansu Province, China and were identified according to the identification standard of Pharmacopeia of the People's Republic of China. D-Mannose (Man), L-rhamnose (Rha), D-glucose (Glc), D-galactose (Gal), L-arabinose (Ara), D-xylose (Xyl), D-glucuronic acid (GlcUA), D-galacturonic acid (GalUA), trifluoroacetic acid (TFA) and 2Ј,7Ј-dichlorofluorescin diacetate (DCF-DA) were purchased from Sigma (St. Louis, U.S.A.). Triton X-100 was obtained from Amersco Inc. (Solon, OH, U.S.A.). MTT (Thiazolyl blue), dimethyl sulfoxide (DMSO), RPMI1640, phosphate buffer saline (PBS) and fetal bovine serum (FBS) were the product of Gibco BRL (Gaithersburg, MD, U.S.A.). 1-Phenyl-3-methyl-5-pyrazolone (PMP), purchased from Beijing Reagent Plant (Beijing, China), was recrystallized twice from HPLC grade methanol before use. All other chemicals and solvents were of analytical grade. the sample was allowed to stand overnight at 4°C. The precipitate was dissolved in distilled water and intensively dialyzed (M.W. Ͼ10000) against distilled water. The retentate portion was concentrated, deproteinated by freeze-thaw process (BenchTOP, Virtis Co., U.S.A.) for repeating seven times. After removal of insoluble materials in the dialysate, the supernatant was lyophilized to yield 5.6 g of brownish and water soluble powder. The polysaccharides obtained was further purified by Sephacryl S-400 gel filtration column chromatography and eluted with 0.1 M NaCl solution. Eluted each solution (5 ml) was collected and monitored by sugar content based on phenol-sulfuric acid method at 490 nm. Finally, the eluted solution was concentrated and lyophilized to yield three white A. sinensis polysaccharide fractions (APFs), namely APF1, APF2 and APF3 with different molecular sizes according to the elution profile (Fig. 1) .
Isolation and Purification of Polysaccharide Fractions
HPCE Analysis for the Polysaccharide Fractions
The monosaccharide compositions of APFs were analyzed according to the following procedure: the APFs samples (10 mg) were hydrolyzed with 10 ml of 2 M TFA at 110°C for 6 h to release component monosaccharides. Then released monosaccharides were derivatized by PMP as described previously. [20] [21] [22] [23] Briefly, eight monosaccharide standards or the hydrolyzed samples of APFs were dissolved in 0.3 M aqueous NaOH (50 ml) and a 0.5 M methanol solution (50 ml) of PMP was added to each. Xyl as an internal standard was added to each sample before the derivatization. Each mixture was allowed to react for 30 min at 70°C, then cooled to room temperature and neutralized with 50 ml of 0.3 M HCl. The resulting solution was dissolved in chloroform (1 ml). After vigorous shaking and centrifuging, the organic phase (under aqueous layer) was carefully discarded to remove the excess reagents. The extraction process was repeated three times and then the aqueous layer was filtered through a 0.45 mm membrane and diluted with water before HPCE analysis.
HPCE analysis procedure was performed as described previously with proper modifications. 24) A capillary electrophoresis instrument P/ACE TM MDQ (Beckman, Fullerton, CA, U.S.A.) equipped with a diode array detector and an automatic injector was used. An integrated P/ACE Station was used to perform the data collection and control the operational variables of the system. Separations were carried out in unmodified fused silica capillary (58.5 cmϫ75 mm i.d., effective length 48.5 cm). The cartridge temperature was maintained at 20°C and applied voltages were 15 kV. Injection was performed by pressure (0.5 psi for 5 s) and detection was done at 214 nm. The molar percentage of composition monosaccharides in the sample was calculated from the peak areas using response factors.
Macrophage Culture and Treatments Peritoneal macrophages were isolated from BALB/c mice (6-8 weeks old, 17-20 g body weight) as described previously. 25) Briefly, peritoneal macrophages were harvested from BALB/c mice, which had been injected intraperitoneally with 3 ml of thioglycollate three days before sterile peritoneal lavage with 10 ml of Hank's balanced salt solution. The collected cells were seeded and cultured in RPMI1640 containing 10% heat-inactivated FBS, 100 U/ml penicillin and 100 mg/ml streptomycin at a density 2ϫ10 6 cells/well. The cells were allowed to adhere for 3 h to a 96-well culture plate at 37°C in a 5% CO 2 incubator. Then the cultures were washed twice with RPMI1640 to remove nonadherent cells prior to the addition of 1 ml of fresh RPMI1640 containing 10% FBS. The purity of the adherent macrophages was assessed by Giemsa staining (Ͼ95%).
Stock solutions of 5.0 mg/ml AFPs were prepared in freshly PBS buffer (pH 7.2) and added into RPMI1640 medium to achieve various designed concentrations. The adherent macrophages were pre-treated with or without AFPs for 24 h at 37°C in a 5% CO 2 incubator, washed out medium and then treated with H 2 O 2 dissolved in RPMI1640. The control group received vehicle only and there were three repetitions for each treatment. At the end of the designated treatment the cultured media were quickly collected, frozen, and stored at Ϫ20°C or immediately used for analyzing the release of extracellular lactate dehydrogenase (LDH) and nitric oxide (NO). Furthermore, the cultured cells were quickly harvested, washed with ice-cold PBS (0.1 M, pHϭ7.4) and centrifuged at 1000ϫg to pellet cells. Cells were then suspended in an appropriate volume of buffer (50 mM Tris-HCl pH 8.0, 50 mM EDTANa 2 , 0.2 M NaCl, 1% Triton X-100) and subjected to four freeze-thaw cycles to lyse cells and the yielded cell homogenate was immediately centrifuged at 4°C for 20 min at 10000ϫg. The afforded supernatant was then divided into several tubes and stored at Ϫ20°C prior to the assays of malondialdehyde (MDA) centents, glutathione (GSH) levels and superoxide dismutase (SOD) activity.
Measurement of Nitrite by Griess Reaction NO production was determined indirectly by assaying the culture supernatant for accumulated nitrite, the stable end product of NO reacted with molecular oxygen as previously described. 26) Briefly, murine peritoneal exudate was plated into 96-well plate and adhered macrophages at 2ϫ10 6 cells/well were cultured with various concentrations of APFs at 37°C for 36 h. After treatment, 100 ml of isolated supernatants were allowed to react with Griess reagent (1% sulfanilamide, 0.1% N-1-naphthylethylenediamine dihydrochloride and 2.5% phosphoric acid) at room temperature for 10 min. Nitrite products in cell supernatants were determined by measuring absorbance at 550 nm versus a NaNO 2 standard curve and the results were shown as mM.
Determination of Intracellular ROS Generation The crude polysaccharides were dissolved in 0.1 M NaCl solution and applied to the column. The eluted solution was collected and the carbohydrate content of collected fractions was monitored by phenol-sulfuric acid method, respectively.
Changes in reactive oxygen species (ROS) levels were determined by measuring the oxidative conversion of the sensitive fluorescent probe 2Ј,7Ј-dichlorofluorescein diacetate (DCFH-DA) to fluorescent 2Ј,7Ј-dichlorofluorescein (DCF) as described by Wang and Joseph.
27) DCFH-DA readily diffused through the cell membrane and was enzymatically hydrolyzed by intracellular esterases to form non-fluorescent 2Ј,7Ј-dichlorofluorescein (DCFH) which was then rapidly oxidized to form highly fluorescent DCF in the presence of ROS, and the fluorescence intensity was proportional to ROS production. Here, at the end of incubation, cells in 96-well plate at a density of 2ϫ10 6 per well were washed two times with PBS and then loaded with 5 ml DCFH-DA (final concentration 10 mM in DMSO) at 37°C for 35 min in dark. Then the cells were resuspended with PBS. The fluorescence intensity was recorded in a fluorescence spectrophotometer (970CRT, Shanghai, China) at 485 nm excitation and 535 nm emission. Relative ROS production was expressed as a percentage of DCF fluorescence of control.
Protective Potential of APFs against H 2 O 2 -Induced Cytotoxicity Macrophages were pretreated with the indicated concentration of AFPs, and then exposed to H 2 O 2 . Colorimetric MTT assay was performed to assess cell viability. 28) Briefly, 20 ml of MTT in PBS solution was added to each well at a final concentration of 5 mg/ml and then the plate was further incubated for 4 h. All remaining supernatant were removed and 100 ml of DMSO was added to each well and mixed thoroughly to dissolve the formed crystal formazan. After 10 min of incubation to ensure all crystals were dissolved, the light absorption was measured at 570 nm. For treated cells, viability was expressed as a percentage of absorbance values to control cells.
The leakage into the media of LDH, an indicator of cell injury, was detected with an assay kit (Jiancheng BioEngineering, Nanjing, China) according to the manufacturer's instructions as described by Mi and Zhang. 29) Briefly, at the end of the incubation 30 ml of cell medium was taken out for the activity analysis of extracellular LDH, which could catalyze the conversion of lactate to pyruvate, and then reacted with 2,4-dinitrophenylhydrazine to give the brownish red color in basic solution. After reaction, each sample was detected and the absorbance was read at wavelength 440 nm and the results were also expressed as the percentage of LDH leakage versus control cells. Antioxidant Capacity of APFs against H 2 O 2 -Induced Injury MDA is a breakdown product of the oxidative degradation of cell membrane lipids and is generally considered an indicator of lipid peroxidation. In the present study, lipid peroxidation was evaluated by measuring MDA concentrations according to the thiobarbituric acid (TBA) method with a commercial kit (Jiancheng BioEngineering, China) as described previously. 30) The method was based on the spectrophotometric measurement of the color produced during the reaction to TBA with MDA. MDA concentrations were calculated by the absorbance of TBA reactive substances (TBARS) at 532 nm and were expressed in nmol/10 6 cells. The activity for SOD was examined according to xanthine oxidase method provided by a standard assay kit (Jiancheng BioEngineering, China) with minor modifications. 31) The assay used the xanthine-xanthine oxidase system to produce superoxide ions, which reacted with 2-(4-iodophenlyl)-3-(4-nitrophenol-5-phenlyltetrazoliom chloride) to form a red formazan dye and the absorbance at 550 nm was determined. The values were expressed as units per 10 6 cells, where one unit of SOD was defined as the amount of SOD inhibiting the rate of reaction by 50% at 25°C.
Intracellular reduced GSH was determined by an Assay Kit (Jiancheng BioEngineering, China) as described previously. 32) Briefly, The assay was carried out via an enzymatic recycling reaction of GSH in combination with a chromogenic reaction with 5,5Ј-dithio-bis-2-nitrobenzoic acid (DTNB) in mixture contained 30 ml of cell supernatants, 200 ml PBS buffer (150 mM, pH 7.7) and 20 ml 1-dithio-bis-2-nitrobenzoic acid (DTNB) in a total volume of 250 ml. After incubation at 30°C for 5 min, this reaction finally led to the formation of 5-thio-2-nitrobenzoate (TNB) with the yellow color and the absorption maximum at 412 nm was measured at 412 nm against the blank. The GSH contents were determined from standard curves of known concentrations of GSH and expressed as nmol/10 6 cells. Statistical Analysis of Data Data were expressed as meansϮS.D. Statistical differences between the treatments and the control were evaluated by analysis of variance and the Student's t-tests. pϽ0.05 was considered to be significant.
RESULTS
Measurement and Identification of Monosaccharide Composition in APFs
For developing a new PMP procolumn derivatization HPCE method to determine the relative sugar proportions of different polysaccharide fractions, the HPCE separation conditions of eight standard monosaccharides derivatized with PMP were optimized by changing pH values (9.2-11.2) and borate concentrations (50-300 mM) in buffer. The separation was carried out in an uncoated capillary (58.7 cmϫ75 mm i.d., effective length 48.5 cm) and the baseline separations among all the investigated monosaccharides were successfully obtained under the optimum conditions of 150 mM sodium tetraborate decahydrate (Na 2 B 4 O 7 · 10H 2 O) as buffer at pH 10.8, applied voltage 10 kV, capillary temperature 25°C and detection wavelength at 254 nm. Typical electropherogram of PMP derivatives for eight standard monosaccharides was shown in Fig. 2A and the peaks were identified in the order of Xyl, Ara, Glc, Rha, Gal, Man, GlcUA and GalUA by comparing the retention times of the unknown peaks with those of the standards eluted under the same conditions.
In this study, reproducibility, linearity and detection limits were further investigated. The reproducibility was estimated by making six repetitive injections of a standard mixture solution (10 mg/ml for each analyte) under the selected optimum conditions. The results showed that the values of coefficient of variation (CV) were less than 1.8% for the migration times and 3.0% for the corrected peak areas (A/t). In addition, to determine the linearities of eight standard monosaccharides, five calibration solutions from 0.5 to 25 mg/ml were tested, respectively and as a consequence, a good linearity with the correlation coefficients (r) in the range of 0.9962-0.9999 was obtained by regression analysis between Y (the corrected peak area, A/t) and X (mg/ml). With this method, the detection limit was below 2.8 mg/ml. Therefore, efficient separation of the PMP derivatives of the monosaccharides was well achieved by this method and the validated results indicated that this method was accurate and reliable.
Under the optimum conditions, the proposed method was applied to the determination of the monosaccharide composition in APFs samples. Typical electropherograms of APF1, APF2 and APF3 samples were shown in Figs. 2B, C and D, respectively. By the migration time of analytes as compared with the electropherogram of the standard mixture solution ( Fig. 2A) , the component monosaccharides in three APFs samples could be identified and the assay results were summarized in Fig. 3 . As we can see from Figs. 2B-D, the PMP derivatives of the component monosaccharides released from APFs samples by TFA hydrolysis could still baseline separated and the significant differences among these electropherograms could also be found. From the results listed in Fig. 3 , it was further distinct that the predominant sugars in the three polysaccharide fractions differed from one polysaccharide fraction to another. Among APF1, APF2 and APF3, it was found that an extremely small amount of Man (1.0%) was only found in APF2 and trace amount of GlcUA (0.8%) was only present in APF3. Ara was a predominant sugar up to 53.4% (mol%) for APF1, followed by 38.1% for APF2 and 25.1% for APF1. GalUA was a major sugar (32.2%) in APF3, but as a minor sugar for APF1 and APF2. Detailedly, APF1 consisted of Ara, Glc, Rha, Gal and GalUA with the molar ratio of 11.0 : 2.6 : 1.0 : 3.5 : 2.5; APF2 consisted of Ara, Glc, Rha, Gal, Man and GalUA with the molar ratio of 18.2 : 7.4 : 1.0 : 8.4 : 0.5 : 12.3; APF3 consisted of Ara, Glc, Rha, Gal, GlcUA and GalUA with the molar ratio of 9.4 : 8.7 : 1.0 : 6.0 : 0.3 : 12.1. As a result, the developed HPCE method based on typical UV spectra was successfully used for the analysis of the component monosaccharides in APFs.
Protective Potential of APFs against H 2 O 2 -Induced Cytotoxicity H 2 O 2 , a cell membrane permeable and a precursor of various ROS, was chosen as an oxidant model in our study. Various concentrations of H 2 O 2 (0.1-0.8 mM) were tested to determine the appropriate dose and the results showed that the relative cell survival of macrophage decreased in response to treatment with the H 2 O 2 for 24 h, with an average IC 50 value of about 0.25 mM (data not shown) and hence 0.2 mM H 2 O 2 was chose as injured dose, where the macrophage viability was significant reduced by 28.9% (Table 1) . Furthermore, the effects of APFs at a concentration range of 10-300 mg/ml on the survival rate of H 2 O 2 -treated macrophages were also investigated and the results were shown in Table 1 . The viability of the cells pretreated with low dose of APFs (10 mg/ml) for 24 h before exposure to 0.2 mM H 2 O 2 was not improved significantly and when the concentration of APFs up to 100 mg/ml and 300 mg/ml, the APFs were hydrolyzed, PMP-labeled and the analysis was carried out on unmodified fused silica capillary (58.7 cmϫ75 mm i.d., effective length 48.5 cm) using 150 mM sodium tetraborate decahydrate as buffer at pH 10.8, applied voltage 10 kV, capillary temperature 25°C and detection wavelength at 254 nm. The peaks are identified as follows: 1, Xyl (internal standard); 2, Ara; 3, Glc; 4, Rha; 5, Gal; 6, Man; 7, GlcUA; 8, GalUA. pretreatment markedly increased the cell viability. However, no significant differences in the protective effects against 0.2 mM H 2 O 2 -induced cytotoxicity were observed among APF1, APF2 and APF3.
LDH release into the media was used as an index of the integrity of cell membranes or necrosis in response to the oxidant burden. 29) In this study, the protective effects of APFs against H 2 O 2 -induced the toxicity to cultured macrophages were also evaluated based on their effects on LDH leakage into media. As shown in Table 1 , exposure of H 2 O 2 in cultured macrophages resulted in a marked increase of LDH leakage by about 1.8-fold of the control ( pϽ0.01). However, this increase was attenuated in a dose-dependent manner by the pre-incubation of macrophages with APFs at the concentrations of 10-300 mg/ml for 24 h, where extracellular LDH activity were slightly reduced at low concentration of APFs (10 mg/ml), respectively. When pre-incubation with APFs at high concentration of 100 mg/ml, H 2 O 2 -induced LDH leakage was reduced to 79.3% for APF1, 75.7% for APF2 and 73.1% for APF3 ( pϽ0.01), respectively and a further increase in the concentration of APFs (300 mg/ml) exerted a better protective effect on the cytotoxicity. In the present study, the highest inhibitory activity was exhibited by APF3, followed by APF2 and APF1 in the order of decrease. In agreement with the results of MTT assay, APFs significantly suppressed the H 2 O 2 -induced LDH release in cultured macrophages, indicating the polysaccharide fractions possessed the anti-cytotoxic activity. Taken together, APFs possessed a significant protective effect against the cytotoxicity caused by H 2 O 2 in vitro.
Antioxidant Evaluation of Different Polysaccharide Fractions
The toxicity caused by ROS was normally accompanied with the increase of lipid peroxides. 33) In the present study, we further investigated the effect of the polysaccharide fractions at a concentration range of 10-300 mg/ml on the alteration of 0.2 mM H 2 O 2 -induced the formation of MDA, a well-known biomarker of overall oxidative damage to cellular constituents such as membrane lipids. The result showed that EC 50 (50% of maximal APFs activity) value was 100 mg/ml and therefore in the following experiments, 100 mg/ml APFs was used for the determination of the antioxidant effects. From the results presented in Table 2 , it was found that the intracellular MDA production significantly increased by about 3.2-fold after the cells were exposed to 0.2 mM H 2 O 2 (pϽ0.01) and when the cells were preincubated with APFs at concentration of 100 mg/ml for 24 h, the MDA formation was remarkably reduced by 22.0% for APF1, 36.4% for APF2 and 46.2% for APF3, respectively (pϽ0.05), indicating that APF3 exhibited the highest activity, followed by APF2 and APF1 in decreasing order. The results demonstrated that there was a significant increase in lipid peroxidation when the macrophages were exposed to H 2 O 2 and the polysaccharide fractions did exhibit expectedly protective effect against the oxidative burden.
In addition, the antioxidant activity of APFs against H 2 O 2 -decreased the activity of SOD (an important scavenger of intracellular free radicals) and the content of GSH (an important cellular non-enzymatic antioxidant) were further investigated in cultured macrophages. As shown in Table 2 , after the cells were exposed to 0.2 mM H 2 O 2 for 24 h, intracellular GSH was significantly depleted by about 69.5% ( pϽ0.01) and intracellular SOD activity was decreased by about 49.2% (pϽ0.01). However, after pre-incubated with APF1, APF2 and APF3 at concentrations of 100 mg/ml, GSH levels were recovered to 62.4%, 66.5% and 70.6%, respectively and the pretreatment also rescued the H 2 O 2 -decreased SOD activity by 29.3%, 33.6% and 37.6%, respectively. The results further showed that APFs could attenuate the changes of H 2 O 2 -mediated SOD reduction and GSH depletion from macrophages (pϽ0.05) and it was also found that APF3 exhibited higher activity than the other two fractions. As a result, it was further conformed that all the polysaccharide fractions possessed the significant antioxidant activity, suggesting that the purified polysaccharide fractions may act as the antioxidants of macrophage-associated inflammatory damage.
Inhibitory Effect of Intracellular ROS Accumulation by APFs To further understand whether the antioxidant activity of APFs was the results of inhibiting the intercellular ROS generation in H 2 O 2 -injuried macrophages, we detected the effect of pretreatment with APFs on intercellular ROS changes in macrophages. As shown in Fig. 4 , cells were preincubated with different APFs (100 mg/ml) for 24 h before the treatment of different concentrations of H 2 O 2 for 35 min and then the DCF fluorescence formation was determined. The results indicated that fluorescence intensity was significantly increased in a dose-dependent manner when the cultured macrophages exposed to H 2 O 2 in the range of 0.2-1.6 mM and the addition of the polysaccharide fractions reduced the ROS formation as measured by the inhibition of 1888 Vol. 30, No. 10 Effect of APF3 on NO Release from H 2 O 2 -Induced Macrophages Although APFs could markedly inhibit excess ROS formation in macrophages, it is unclear if the polysaccharide fractions affected the formation of NO, a key effector molecule released from activated macrophages. Therefore, NO production was assessed by pretreatment of macrophages with different concentrations of APF3 (50-300 mg/ml) for 24 h before exposure to a highly graded concentration of H 2 O 2 (0.8-1.6 mM) for another 24 h and the results were present in Fig. 5 . It was found that APF3 could inhibit the NO release from H 2 O 2 -activated macrophages and the inhibitory effect was significantly dependent on the employed dosage of APF3, and the inhibitory effect became more distinct as the further increase in H 2 O 2 concentrations. As a result, it was for the first time found that APFs could inhibit the NO release from high concentration of H 2 O 2 -activated macrophages, suggesting that APF3 could attenuate excess NO generation, which possibly protected host cells from the harm.
DISCUSSION
Excessive amount of ROS will induce oxidative damage to macromolecules and finally impair functions of organs. Such oxidative stress is an important causative factor for aging, brain dysfunction, liver diseases, cardiovascular disorders, immunodeficiency and carcinogenesis. This process is especially evident in the immune cells, which exert their biofunctions through free radicals and suffer senescent deterioration probably linked to oxygen stress. Conversely, antioxidant supplementation has been proved to preserve an adequate function of immune cells against homeostatic disturbances caused by oxidative stress. 34) Therefore, It is of interest to discover and evaluate the antioxidant ability of polysaccharide fractions from the roots of A. sinensis as new safe plant-based health foods. H 2 O 2 , a primary source of ROS, was frequently used as a generator of in vitro oxidative stress model. 33) MDA is an indicator of lipid peroxidation and the LDH level released into the culture medium was regarded as an index of cellular damage and cytotoxicity.
29) The present work demonstrated that H 2 O 2 decreased cell viability and the pre-incubation with the polysaccharide fractions could substantially rescued the H 2 O 2 -injured macrophages. Furthermore, H 2 O 2 -treated cells presented the increased LDH activity in the cultured media, which was attenuated by the polysaccharide pre-treatment (Table 1) . This observation is similar to the results reported in PC12 cells by Wu et al., 35) showing that the polysaccharide fractions exerted a protective effect against H 2 O 2 -induced apoptosis in macrophages. In another experiment, we also found that the cytotoxic effects of H 2 O 2 were associated with the MDA formation, the decline of SOD activity and GSH depletion, and APFs not only inhibited MDA formation, but also enhances GSH levels and SOD activity in H 2 O 2 -induced macrophages, suggesting that APFs has beneficial effects in inhibiting the oxidative stress and may act as modulator of macrophage-associated oxidative damage ( Table 2) .
The ROS over-generation is highly associated with the pathogenesis of a wide variety of chronic diseases. In addition, NO is a highly reactive ROS molecule that may act as a double edged sword and involved in the regulation of physiological and pathophysiological mechanisms in the cardiovascular, nervous and immunological systems. 36) The prolonged production of NO may act as a cytotoxic agent in pathological conditions such as inflammation, infection, neoplastic disease, liver cirrhosis and diabetes. 37, 38) Therefore, the selective inhibition of NO production in inflammatory cells, such as macrophages, may offer a new therapeutic strategy against inflammation. The present investigation has demonstrated that H 2 O 2 -induced intracellular accumulation of ROS was substantially attenuated by APFs pre-treatment as determined by the diminished intensity of DCF-derived fluorescence in cells. It was also found that the polysaccharides could inhibit the NO overproduction in a dose-dependent fashion from high concentration of H 2 O 2 -activated macrophages, indicating that the protective and anti-oxidative effects of the polysaccharide fractions were associated with the significant inhibition of the intracellular ROS accumulation and NO release, which was likely to attenuate excessive NO generation at inflammatory sites and contribute to the anti-inflammatory effect. Here, we demonstrate that the polysaccharide fractions exhibited antioxidative effect in H 2 O 2 -stimulated cultured macrophages and this effect may be mediated by the increased antioxidant activity and inhibition of cell damage involving ROS.
Moreover it is also noticed that natural polysaccharides are structurally diverse class of large molecules, indicating that the inhibitory actions of excessive NO and ROS generation may be mediated by the surface binding of polysaccharides to cell-specific surface molecules. Recently, several polysac- charides were shown to have high bioactivity and the action could be associated with the activation of TLR4 in macrophages, T cells and B cells, suggesting that the pharmacological effects of some polysaccharides were probably mediated via TLR4. 39, 40) Moreover, three polysaccharide fractions were subjected to monosaccharide composition analysis by a new HPCE method. The developed HPCE method is accurate, sensitive and useful for the quantification of the active polysaccharide ingredients in A. sinensis.
Among APF1, APF2 and APF3, it was found that the predominant sugars in the three polysaccharide fractions differed from one polysaccharide fraction to another. APF1 consisted primarily of arabinose up to 53.4% (mol%). Arabinose (38.1%) and galacturonic acid (25.7%) were the predominant sugars in APF2. APF3 was a highly acidic polysaccharide fraction composed primarily of galacturonic acid (32.2%). However, it was found that the polysaccharide fraction rich in galacturonic acid exhibited higher activity in all parameters tested. Such difference in monosaccharide composition may contribute to the protective and antioxidant actions on H 2 O 2 -injuried macrophages although it is difficult to correlate polysaccharide structure with anti-oxidative activity.
